Introduction
By definition the radar cross section (RCS) of a target is the squared amphtude of the electric field scattered by a target located at infinity and illuminated by a plane wave. In practice, the reflected electric field is measured monostatically or at a given bistatic angle. In either case, the distance d between a target and the transmitting and receiving antennae is very large, kd » 27r, where k is the transmitted wavenumber. The measured signal S is composed of a theoretically correct scattered electric field, additional scattered fields that originate from the environment of the measurement range, and distortions due to instrumentation nonlinearity and noise. The measured complex electric field signal S is given by
S{r,e,b,P)=re'^-^-be'^, (la) where r and 6 are the amplitude and phase of the reflected electric field signal from the target (that could possibly include in-phase error signals), and 6 
r cos -\-b cos p is a nonlinear function of the unknown amplitudes r and b and the unknown phases 9 and /3. Moreover, none of the nonlinear parameters of interest in eq (la) and (2) can be determined independently of S.
A sfightly modified formulation can be used to obtain the background signals present in the data. Let be^^= {bi^bq); then eq (la) can be rewritten as {Si-bjf + {SQ-bQ)'' = r\ (3a) where (following accepted usage in the RCS community) the subscripts / and Q denote the real and imaginary components of a complex quantity. The phase^of r is given by tan^=^^-^.
bi -bi Equation (3a) is independent of 9, and is well suited to obtain r^, the RCS of a calibration or an unknown target, in the presence of a complex background signal 6. In Figure 1 (4) where the error parameter e is defined as ' -;. (5) and the calibration factor n, (or equivalently, the measurement error) is given by [1] . When r^i is known, K21 can be evaluated from the data.
The Dual Calibration Technique
The comparison of the ratio of two uncahbrated measurements on two different targets (see eq (8)) to the ratio of the corresponding theoretical RCS values (see eq (9)) yields the "dual calibration error" «2i [3] . The theoretical RCSs of the two target artifacts are usually assumed to be known accurately, so that computational errors are neghgible in this comparison.
In practice, k^i is usually evaluated using two different-sized simple cahbration artifacts such as cyhnders or spheres. Typically, dual cahbration errors are ±0.2 dB in the range from 2 to 18 GHz, when comparing two closely-sized cyhnders from the standard cyhnder set [3, 4] distances between each data point and the circle described by the model equation (10) .
The correlation between the variables 5/ and Sq are automatically taken into account by the model equation, and the analysis can be used to determine the location of the center of the circle (6/,6q) and the radius of the circle r.
We consider two cases:
i.
the calibration model, where the RCS of the calibration target r^is known,
ii.
the unknown-target model, where the RCS of the target is unknown.
In this approach, reproducibility of the results, when both models are applied to the same calibration artifact (with known RCS), is easily checked. gusting winds of about 20 km/hour. The theoretical RCS of a 12-inch diameter perfectly conducting sphere is Vq^0.0713 m^, or tq « 0.267 m.
In Figure 5 the theoretical circles with radii tq are centered at the coordinate origins, and the centers of the data circles, denoted by the + signs, have been translated away from the origins {also see Figure 1 ). Similar data were obtained for a cylinder 5 in in diameter and 5 in in height; the cylinder data plots are qualitatively similar to the sphere plots, and, therefore, are not shown here.
We used ODRPACK [6] Figure 6 with the parameters given in Table 1 for the Sc artifact (calibration model). Figure 7 we compare the complex system noise with the complex residuals of the nonlinear 
